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Abstract 



The total cross sections of the relativistic vr+vr^ atom interactions with ordinary 
atoms are obtained in the eikonal approach which takes into consideration all mul- 
tiphoton exchange processes. Contribution of these processes strongly depends on 
. the atom nucleus charge Z and varies from 1.5% for Titanium (Z = 22) to 14% for 

\ Tantalum {Z = 73) 

o 

' An accurate measurement of the tt+tt atom (dimesoatom) lifetime in the experiment 

DIRAC will allow one to check a high precision prediction of the Chiral Perturbation 
Theory. An interaction of the tt+tt" atoms with ordinary atoms is an essential part of 
this experiment, as the atom observation bases on their breakup (ionization) while passing 



(D \ through the target where they are produced. 

'-^ \ Cross sections of tt+tt" atoms with ordinary atoms were usually calculated in the first 

Born approximation. In the paper the cross sections for few low states of dimesoatom 
^ ■ were calculated in Coulomb-modified Glauber approximation. It has been shown that the 

multiphoton exchange processes play a significant role in the interaction of tt+tt" atoms 
with atoms. 

In the Glauber approximation the total cross sections of the coherent interaction of 
TT+TT" atom with ordinary atoms could be written p[ as: 



a^t = 2Re j d% dh\i;^U^\^ [l - (ix{h - sl2) - ix{h + s/2) 



Here s = is the projection of the vector r on the plane of the impact parameter 
V^nim(^) is the wave function of tt+tt" atom in the state with principal, orbital and 
magnetic quantum numbers n, I and m, respectively. The phase shift x(^) is expressed 
via the screened Coulomb potential of the target atom: 

oo 

X{h) = - I U(Vb^ + z^)dz. (2) 
V J 

— oo 

Here v is the velocity of dimesoatom in the lab frame. 
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Let us write (|l|) in another form taking into account the following relations: 

exp{ix{b)) = l-7(^), (3) 
lib) = ^ / /(?) exp i-iqb) (fq , (4) 

m 



27r 



1 — exp {ix(b)) exp (iqb) cPb 
1 — exp jQ{qb)bdb. 



(5) 



Here f{q) is the amplitude of the elastic Coulomb TrA-scattering normalized by the rela- 
tions: 



tot 



dq 



in Im/(0) 
\f{Q)\'- 



(6) 
(7) 



Then it is easy to get the total cross section in the form 

a*t = 2 / \f{q)\'[l-Sr.Uq}] d'q.. 



(9) 

Here Snim{q) is the elastic form factor of the tt+tt^ atom in the state with the quantum 
numbers n, I and m. 

The expressions (|]) and (|]) together with the results obtained in the paper for the 
transition form factors of the hydrogen-like atoms allow one to calculate the total cross 
sections for any state of the dimesoatom. However, in this paper we only consider the 
cross sections averaged over the magnet quantum number: 



a, 



tot 
nl 



1 



21 



tot 
nlm 



(10) 



The wave function of ix^Tt can be written as a product of the radial and angular 
parts: 

1pnlm{^=Rnl{r)YUQ,<P). (11) 

Taking into account the normalization 



we have 



<l=A7: \f{q)\'{l-SnM))qdq, 



(12) 
(13) 



Sni{q) 



21- 
Q 



OO 

"Y Snimiq) = J l-Rnzl^exp {iqf} d^r = Air J \R 



2 sm qr 
nil rdr 



Im J \Rni\'^ exp {iqr)rdr 



(14) 
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The radial wave function of the hydrogen-hke atom is expressed in terms of the La- 
guerre polynomial. So integration in (13) is reduced to the hypergeometric functions using 
the expression M 



oo 





r(m + n + a + l) {h - Xfih - /i)"" ^ 

-F 



r(m+ l)r(n + 1) 
Finally for the form factor we have 



6(6 - A - /i) 

-m, — n, —m — n — a; 



(6-/x)(6-A) 



(15) 



Sniiq) = ^. ^7 F{l + l-nJ + l + n;l; sin^ , 16 



arctan 



/ nq 



For the numerical calculation we use the Moliere parametrization of the Thomas- Fermi 
potential [E[ 



f/(r) = Z«E^; (17) 



i=l 



which allows one to obtain the exact expression for the phase shift x(6) 

x(&) = ^Ec.Ko(6A,), (18) 

ci = 0.35, C2 = 0.55, C3 = 0.1 ; 
Ai = 0.3Ao, Aa = 1.2Ao, A3 = 6A0, Aq = nieaZ^I^ /Q.SSh . 

The numerical results were calculated for the Titanium {Z = 22) and Tantalum [Z = 
73) targets. The velocity of tt+tt" atom was taken as f = 1. Figures |l]-§ show the 
most important dependencies. We can conclude that the contribution of the multiphoton 
exchange processes strongly depends on the target atom nucleus charge Z and varies from 
1.5% for Titanium to 14% for Tantalum. 

In the DIRAC experiment the dimesoatom lifetime is going to be measured for various 
targets with an accuracy of 10% using the breakup probability |]T| which is calculated base 
on the interaction cross sections. So account of the multiphoton processes is essential for 
an interpretation of the experiment results. 
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Figure |T]: Total cross sections of tt^tt^- 
atom interactions in nS states with Tanta- 
lum {Z = 73) versus the principal quantum 
number n in the Born and Glauber approx- 
imation. 
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Figure Relative difference between the 
total cross sections of 7r+7r~-atom interac- 
tion in nS states with Titanium {Z = 22) 
calculated in the Born and Glauber approx- 
imation versus the principal quantum num- 
ber n. 
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Figure ^: Relative difference between the 
total cross sections of 7r"'"7r~-atom interac- 
tion in nS states with Tantalum {Z = 73) 
calculated in the Born and Glauber approx- 
imation versus the principal quantum num- 
ber n. 
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Figure H: Dependence of the total cross 
sections of 7r+7r~-atom interaction with 
Tantalum on the orbital quantum number 
/ for the various principal quantum number 
n. 
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